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(54) SOLENOID VALVE CONTROL APPARATUS AND BRAKE CONTROL APPARATUS 



(57) A solenoid-valve controller provided with a 
solenoid valve C which is switchable between the full 
closed state where a plunger a abuts on a sheet face b 
and the full open state where the plunger separates 
from the sheet face, and control means e for carrying 
out energization to a coil d for driving the plunger a of 
the solenoid valve C by pulse width modulation control, 
configured such that there are arranged regenerative- 
current formation means e for forming a regenerative 
current in parallel with the coil d, and the control means 
e are arranged with re generative -current detection 
means g for detecting the regenerative current, and the 
control means e carry out pulse width modulation con- 
trol based on a detection value of the regenerative-cur- 
rent detection means g. 

This allows detection of the plunger position during 
actuation of the solenoid valve by a low-cost and small- 
sized technique requiring no enhancement of an attrac- 
tion force of the coil of the solenoid valve. 
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Description 

FIELD OF THE INVENTION 

5 [0001] The present Invention relates to brake controllers for carrying out ABS control for optimally controlling the 
brake-fluid pressure so as to prevent wheel lock during braking, moment control for producing, when a vehicle falls in 
excessive oversteer or excessive understeer during steering, a braking force in wheels so as to form a yaw moment in 
the direction of restraining it, traction control for producing, when a traction of driving wheels becomes excessively 
large, a braking force for restraining it, automatic braking control for producing a braking force during automatic cruising 

10 as required, brake-by-wire control wherein a brake pedal and wheel cylinders are not directly connected through a 
hydraulic transfer system, etc., and solenoid-valve controllers suitably applied to the brake controllers. 

BACKGROUND ART 

15 [0002] Conventionally, solenoid valves are used for increasing or decreasing the brake-fluid pressure in ABS con- 
trol, automatic braking control, etc. The solenoid valves are known in the form of a valve having a valve hole switched 
between full closing and full opening by a plunger and a valve having the opening degree of a valve hole proportionally 
controlled by controlling a plunger at a middle position between full closing and full opening. Due to the control reliability, 
size reduction, cost reduction, etc., of the apparatus, the bake controllers typically use the former solenoid valve. 

20 [0003] One of the known methods of controlling the valve hole at the middle opening degree as ensured in the latter 
valve by using a solenoid valve with two switching positions of full opening and full closing relies upon the use of pulse- 
width modulation control (hereafter refer to as PWM control)(see, for example, a Japanese document of JP-A 8- 
295225). 

[0004] However, brake controllers for carrying out the above PWM control do not provide means for determining 
25 whether or not a desired brake-fluid pressure is formed by locating the plunger of solenoid valve in a desired position. 
Feedback as to whether or not the solenoid valve carries out a desired operation is ensured in accordance with an 
actual wheel velocity, such as, for example, whether or not the wheel velocity rises or lowers to a target value after 
implementation of brake-fluid pressure control. 

[0005] In such a way, when brake-fluid pressure control was carried out based on feedback on the wheel velocity, 
30 a time was absolutely needed until the result of operation of the solenoid valve is shown on the wheel velocity, resulting 
in a problem that a time was needed until the wheel velocity converges at a desired slip ratio. 

[0006] Therefore, an improvement in the control responsibility is demanded to shorten a time up to convergence of 
the wheel velocity, and thus to obtain improved control quality. 

[0007] In connection with one means for solving this problem, the inventors of the application guessed that the con- 
35 trol responsibility could be improved by detecting in which position the plunger of the solenoid valve is controlled with 
respect to a desired position, which is then feedback controlled. 

[0008] A prior art technique for checking the position of the plunger of such solenoid valve switching two positions 
of full opening and full closing is known from means disclosed in a Japanese document of JP-A 5-21 1 1 05. 
[0009] This prior art technique is configured such that a coil of the solenoid valve is connected in series with a cur- 
40 rent detection resistance, and is supplied with power during a short period of time to the extent that the plunger is hardly 
moved so as to take out a current response waveform at both ends of the current detection resistance, based on which 
the position of the plunger is determined. 

[0010] However, this prior art technique is a technique for carrying out a check when the solenoid valve is riot actu- 
ated. If such check takes place while actuating the solenoid valve, a value of current passing through the coil is reduced 
45 due to series arrangement of the current detection resistance and the coil of the solenoid valve, reducing an attraction 
force of the coil. Thus, for obtaining a desired coil attraction force, an increase in the number of turns of the coil of the 
solenoid valve is needed compared with the case with no current detection resistance arranged, resulting in a problem 
of an increase in manufacturing cost and in size of the solenoid valve. 

[0011] The present invention is made in view of the above conventional problem, and has as a first objective to 
50 achieve detection of the position of the plunger during actuation of the solenoid valve by means of a low-cost and small 
sized technique which requires no enhancement of an attraction force of the coil of the solenoid valve. 
[0012] Moreover, in the solving technique, a second objective is to enhance the detection accuracy, and a third 
objective is to enhance the control responsibility of the plunger of the solenoid valve. Additionally, a fourth objective is 
to improve the control responsibility of the brake controllers, and thus the control quality by apply the solving technique 
55 to brake controllers which can implement ABS control or automatic braking control by carrying out PWM control for the 
solenoid valve. 
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[0013] For achieving the above first objective, the invention as specified in claim 1 provides, as shown in a claim 
corresponding view in FIG. 1 , a solenoid-valve controller provided with a solenoid valve C which is switchable between 

5 the full closed state where a plunger a abuts on a sheet face b and the full open state where the plunger separates from 
the sheet face, and control means e for carrying out energization to a coil d for driving the plunger a of the solenoid 
valve C by pulse width modulation control, characterized in that there are arranged regenerative-current formation 
means f for forming a regenerative current in parallel with said coil d, that said control means e are arranged with regen- 
erative-current detection means g for detecting the regenerative current, and that said control means e carry out said 

io pulse width modulation control based on a detection value of the regenerative-current detection means g. 

[0014] It is noted that in the solenoid-valve controller depicted in claim 1 , as specified in claim 2, said control means 
may be provided with an opening-degree determination part for determining a position of the plunger with respect to 
said sheet face based on a response waveform of the regenerative current. 
[0015] The invention as depicted in claim 1 operates as follows: 

is [0016] When the control means e carry out energization based on pulse width modulation control to the coil d, the 
regenerative current is formed by the regenerative-current formation means arranged in parallel with the coil d after cut- 
off of energization. This regenerative current has a characteristic varying with an air-gap amount corresponding to a dis- 
tance between the plunger a and the sheet face b, and therefore, a detection value of the regenerative-current 
formation means correspond to a position of the plunger a. The control means e carry out pulse width modulation con- 

20 trol in accordance with the position of the plunger. And when detecting the position of the plunger a in such a way, the 
regenerative-current formation means / are arranged in parallel with the coil d, resulting in no lowering of an attraction 
force of the coil d. 

[0017] Thus, the position of the plunger a can be detected without increasing the number of turns of the coil d, 
obtaining the effect of enabling detection of the position of the plunger a by means which are low in cost and require no 

25 increase in attraction force of the coil d. 

[0018] Moreover, in the solenoid-valve controller depicted in claim 2, as specified in claim 3, said control means are 
provided with an output- value correction part for correcting an output value of the pulse width modulation control in 
accordance with the position of the plunger determined in the opening-degree determination part. 
[0019] According to the invention as specified in claim 2, the inductance of the coil d varies in accordance with the 

30 position of the plunger a with respect to the sheet face b, in accordance with which a response waveform of the regen- 
erative current varies. Therefore, based on the response waveform, the position of the plunger a can be determined 
easily. 

[0020] Moreover, according to the invention as specified in claim 3, feedback control can be carried out in accord- 
ance with the position of the plunger a, enabling feedback control of higher responsibility than that of the output pres- 

35 sure by the solenoid valve C. 

[0021] Further, for achieving the above second objective, the invention as specified in claim 4 is characterized in 
that in the solenoid-valve controller as specified in claim 2 or 3, when carrying out determination of the plunger position, 
said opening-degree determination part carries out determination based on a comparison between a regenerative-cur- 
rent characteristic corresponding to the response waveform of the regenerative current when the solenoid valve is in 

40 the full open state and the response waveform of the regenerative current when the solenoid valve is in the full dosed 
state, and the response waveform of the detected regenerative current. 

[0022] According to the invention as specified in claims 4 to 12, when carrying out determination of the plunger 
position, the opening-degree determination part compares the response waveform of the detected regenerative current 
and the regenerative-current characteristic corresponding to the response waveform of the regenerative current when 
45 the solenoid valve is in the full open state and the response waveform of the regenerative current when the solenoid 
valve is in the full closed state, and carries out determination based on the result of comparison. 

[0023] In such a way, the opening degree (plunger position) is determined by a comparison between full opening 
and full closing, thus obtaining easy determination and high determination accuracy. 

[0024] Moreover, as specified in claim 5, in the solenoid-valve controller depicted in claim 4, said opening-degree 
so determination part may be such that the regenerative-current characteristic used in plunger-position determination is 
previously provided as a characteristic map of the regenerative current. 

[0025] Moreover, as specified in claim 6, in the solenoid- valve controller depicted in claim 5, said opening-degree 
determination part may carry out characteristic-map correction for correcting said characteristic map of the regenera- 
, tive current based on the response waveform of the regenerative current obtained when outputting a preset predeter- 
55 mined duty ratio in the state of no load resulting from the fluid pressure. 

[0026] According to the invention as specified in claim 6, the opening-degree determination part carries out char- 
acteristic-map correction for correcting the characteristic map of the regenerative current. This correction is carried out 
in the state of no load resulting from the fluid pressure (state where no braking force is produced, for example, in a brake 



3 



:DOCID: <EP 106567BA1_I_> 



EP 1 065 678 A1 



controller for a vehicle). In this case, first, a preset predetermined duty ratio is output to detect a response waveform of 
the regenerative current. Since the response waveform of the regenerative current produced when outputting this pre- 
determined duty ratio can be estimated previously, the map illustrating the regenerative-current characteristic can be 
corrected based on a difference between the estimation value and the detection value. 

[0027J In such a way, characteristic-map correction is carried out, so that even with the dispersion of the character- 
istic of the solenoid valves due to assembling error thereof, this can be corrected to detect the opening degree (plunger 
position) with high accuracy. 

[0028] Moreover, as specified in claim 7, in the solenoid-valve controller depicted in claim 6, said opening-degree 
determination part may carry out characteristic-map correction when detecting start of the apparatus. 
[0029] Moreover, as specified in claim 8, in the solenoid-valve controller as specified in claim 7, said opening- 
degree determination part may carry out characteristic-map correction when inputting a predetermined signal upon 
shipment in addition to upon start of the apparatus. 

[0030] According to the invention as specified in claim 7, characteristic-map correction is carried out every start of 
the apparatus, for example, every start of the vehicle for the brake controller. Moreover, in the invention as specified in 
claim 8, characteristic-map correction is carried out upon factory shipment in addition to upon start of the apparatus. 
[0031] Therefore, according to the invention as specified in claims 7 and 8, even if the characteristic varies due to 
occurrence of deterioration of the solenoid valve with time such as wear of the plunger and the sheet face, accurate 
countermeasure is always possible to obtain high detection accuracy of the opening degree (plunger position). Further, 
according to the invention as specified in claim 8, even with the dispersion of the characteristic of the solenoid valves 
due to assembling error and the like, this can be corrected upon shipment, obtaining high detection accuracy. 
[0032] Moreover, for achieving the above second objective, the invention as specified in claim 9 is characterized in 
that in the solenoid-valve controller depicted in claims 5 to 8, said characteristic map of the regenerative current is a 
map illustrating a gradient value from rise to fall of the regenerative current when the solenoid valve is in the full open 
state and a gradient value from rise to fall of the regenerative current when the solenoid valve is in the full closed state, 
and said opening-degree determination part obtains the gradient value from rise to fall of the regenerative current out 
of the response waveform of the regenerative current as detected, and determines the position of the plunger based on 
this gradient value and said characteristic map of the regenerative current. 

[0033] According to the invention as specified in claim 9, when obtaining the opening degree (plunger position), the 
opening-degree determination part obtains a gradient value from rise to fall of the regenerative current in the response 
waveform of the regenerative current, and compares this gradient value and gradient values in the full open state and 
in the full closed state in the characteristic map of regenerative current to obtain the opening degree (plunger position) 
based on a relative comparison of those gradient values. 

[0034] In such a way, at a certain point in the response waveform of the regenerative current, detection is not car- 
ried out with regard to a current value, but the gradient of the waveform, so that the dispersion of current values at the 
respective points can be absorbed, achieving an improvement in the detection accuracy. 

[0035] Moreover, as specified in claim 10, in the solenoid-valve controller depicted in claim 9, when obtaining the 
gradient value of the regenerative current, said opening-degree determination part may carry out averaging correction 
wherein a value obtained by averaging processing of the gradient values corresponding to a plurality of response wave- 
forms detected in a single control cycle is set to the gradient value. 

[0036] According to the invention as specified in claim 10, the opening-degree determination part operates as fol- 
lows: In PWM control, a plurality of ON signals is output in a single control cyde. The opening-degree determination 
part obtains a plurality of gradient values of regenerative-current waveforms responsive to the ON signals, which are 
averaged to obtain an averaged gradient value which is set to the gradient value of the regenerative current in the con- 
trol cycle. 

[0037] Therefore, even if the dispersion is produced in a plurality of regenerative-current waveforms due to super- 
imposition of noise, etc., averaging can remove an influence of the dispersion, achieving an improvement in the detec- 
tion accuracy. 

[0038] Moreover, as specified in claim 11, in the solenoid-valve controller depicted in claim 10, when carrying out 
averaging correction, said opening-degree determination part may carry out averaging processing with weighting of the 
gradient value obtained from the late response waveforms in the single control cycle being heavier than that of the gra- 
dient value obtained from the initial response waveforms. 

[0039] According to the invention as specified in claim 11, the opening-degree determination part operates as fol- 
lows: When the duty cycle is varied between the last control cycle and this control cycle, a time is needed for movement 
of the plunger in response to this variation. Therefore, in the response waveform of the regenerative current also, the 
response waveform of the regenerative current produced during movement of the plunger has high possibility to corre- 
spond to the moving position thereof. On the other hand, the response waveform of the regenerative current produced 
at the late stage of a single control cycle has high possibility to correspond to the actual plunger position corresponding 
to the output duty ratio. Then, in the same way as the invention as specified in claim 10, when carrying out averaging 
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processing of gradient values, weighting of the gradient value obtained from the late ones of the plurality of response 
waveforms of the regenerative current produced in a single control cycle are set to be heavier than that of the gradient 
value obtained from the initial response waveforms having high possibility to correspond to the moving position so as 
to carry out averaging processing. 
5 [0040] In such a way, by increasing weighting of the gradient value having high possibility to correspond to the 
plunger position in response to the output duty ratio and decreasing weighting of the gradient value having high possi- 
bility to correspond to the moving position, the detection accuracy of the opening degree (plunger position) is enhanced 
further. 

[0041 J Moreover, as specified in claim 12, in the solenoid-valve controller depicted in claims 9 to 1 1 , said opening- 
w degree determination part may calculate the gradient value based on a detection value in the response waveform of the 
regenerative current across a plurality of periods in the single control cycle. 

[0042] According to the invention as specified in claim 12, when obtaining a gradient value from a plurality of 
response waveforms of the regenerative current produced in the single control cycle, the gradient value is calculated 
across the plurality of response waveforms. Specifically, the gradient value, which indicates an inclination from a rise 

15 value to a fall value in the response waveform of the regenerative current, can be obtained from values at at least two 
points of the inclined waveform and a time therebetween. However, assuming that the plurality of response waveforms 
are all common, the values at the two points may not always be obtained from one response waveform, but can be 
obtained from response waveforms of different cycles. By way of example, even with a rise value of the inclined wave- 
form obtained from the nth response waveform of the regenerative current and a fall value of the inclined waveform 

20 obtained from the (n + 1)th, (n + 2)th or (n +- 3)th value, the condition that a time therebetween is a value corresponding 
to one response waveform of the regenerative current can provide a gradient value of one response waveform of the 
regenerative current. 

[0043] And in such a case, operation for obtaining the gradient value is not needed to take place every occurrence 
of the response waveform, enabling a reduction in the number of operations. 

25 [0044] Therefore, the processing speed of the arithmetic unit can be limited, enabling operation with low-cost arith- 
metic means. Particularly, when carrying out PWM control, enhancement of the output frequency is demanded to 
restrain occurrence of the pulse pressure due to the solenoid valve and abnormal noise called "cry" at the coil of the 
solenoid valve. However, in this case, response waveforms of the regenerative current are produced at high frequency, 
so that operation of a gradient value for each response waveform needs a high-speed arithmetic processing unit. On 

30 the other hand, according to the present invention, operation is carried out across a plurality of response waveforms of 
the regenerative current, so that a gradient value can be obtained without high-speed arithmetic processing. 
[0045] Moreover, as specified in claim 13, in the solenoid-valve controller depicted in claims 2 to 12, said control 
means may be arranged with voltage detection means for detecting a battery voltage and temperature detection means 
for obtaining a coil temperature of the solenoid valve, and said opening-degree determination part may carry out gradi- 

35 ent-value correction for correcting the calculated gradient value based on the detected battery voltage and coil temper- 
ature. 

[0046] The invention as specified in claim 13 operates as follows: When actuating the solenoid valve, the coil tem- 
perature rises, in accordance with which the coil resistance increases to lower a current value of the regenerative cur- 
rent. Therefore, the response waveform of the regenerative current and the valve opening degree (plunger position) do 
40 not correspond to each other. Likewise, when the battery voltage varies, a current value of the regenerative current var- 
ies, so that the response waveform of the regenerative current and the valve opening degree (plunger position) do not 
correspond to each other. 

[0047] Then, according to the present invention, the voltage detection means detect the battery voltage, and the 
temperature detection means detect the coil temperature. Based on the battery voltage and coil temperature as 
45 detected, gradient-value correction is carried out to correct a gradient value as calculated. 

[0048] Therefore, a certain relationship of correspondence can always be preserved between the response wave- 
form of the regenerative current and the plunger position, allowing accurate detection of the opening degree (plunger 
position). 

[0049] Moreover, for achieving the above third objective, the invention as specified in claim 14 is characterized in 
50 that in the solenoid-valve controller depicted in claims 3 to 13, said output-value correction part calculates an operating 
point at which the plunger starts to operate by applying a predetermined current to the coil, and determines the output 
characteristic in accordance with the operating point. 
[0050] The invention as specified in claim 14 operates as follows: 

[0051] The solenoid valve may have some dispersion in performance due to assembling error and parts manufac- 
55 turing error such as resilient force of a return spring. As a result, the dispersion may occur with regard to the operating 
point at which the plunger starts to move when energizing the solenoid valve. 

[0052] Then, according to the present invention, the output value correction part applies a predetermined current 
to the coil to calculate the operating point, in accordance with which the output characteristic is determined. Therefore, 
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even if the operating points are dispersed due to the solenoid valves as described above, correction is possible to oper- 
ate all the valves with the common characteristic. Thus, the control accuracy can be enhanced to achieve an improve- 
ment in the control quality. 

[0053] Moreover, for achieving the above third objective, the invention as specified in claims 3 to 1 4 is characterized 
in that in the solenoid-valve controller as specified in claims 3 to 14, when altering the duty ratio of the output signal 
output from said control means, said output-value correction part carries out correction upon alteration start for adding 
a correction value to a target duty ratio during a predetermined period of time from start of output of a new duty ratio. 
[0054] Moreover, in the solenoid-valve controller depicted in claim 15, as specified in claim 16, said output-value 
correction part may determine whether or not correction upon alteration start is carried out in accordance with an 
amount of deviation between this duty ratio and the last duty ratio, and if the amount of deviation is greater than a pre- 
determined value, it may determine to carry out correction upon alteration start. 

[0055] The invention as specified in claim 15 operates as follows: The control means output a signal of the same 
duty ratio during a single control cycle. When locating the plunger in the position corresponding to the duty ratio, a 
desired valve opening degree is obtained. Thereafter, if the output duty ratio is altered in accordance with passage from 
this control cycle to the next control cycle, the plunger will move to the position corresponding to the next duty ratio. In 
this case, a time is needed for the plunger to move actually to a desired position. A time is also needed for the response 
waveform of the regenerative current to be a waveform corresponding to the plunger position. 

[0056] Then, according to the present invention, when the control means change the duty ratio, the output-value 
alteration means carry out correction upon alteration start to add a correction value to a target duty ratio during a pre- 
determined period of time from alteration of the duty ratio. 

[0057] Therefore, the initial responsibility of the plunger is enhanced, so that the plunger reaches the target position 
in a shorter time than ever, and the response waveform of the regenerative current stabilizes a waveform corresponding 
to the plunger position. Thus, an improvement can be achieved in the control responsibility and in the control accuracy. 
[0058] Moreover, as described above, when the duty ratio is changed, the greater an amount of deviation between 
the last duty ratio and this duty ratio, the greater a response lag is. Therefore, according to the invention as specified in 
claim 1 6, it is determined whether or not correction upon alteration start is carried out in response to this amount of devi- 
ation. 

[0059] Thus, according to the invention as specified in claim 1 6, when having high possibility to produce a response 
lag, correction upon alteration start is carried out accurately to enable achievement of higher control quality. 
[0060] Moreover, for achieving the above first objective, the invention as specified in claim 17 is characterized in 
that in the solenoid-valve controller depicted in claims 1 to 16, said regenerative-current formation means comprise a 
current detection resistance connected in parallel with the coil of said solenoid valve, and back-flow prevention means 
arranged in series with the current detection resistance and for inhibiting energization of the current detection resist- 
ance in the direction of current passage for driving the coil, and allowing merely energization of the regenerative current 
in the opposite direction. 

[0061] Moreover, in the solenoid-valve controller depicted in claim 1 7, as specified in claim 1 8, said back-flow pre- 
vention means may be in the form of a diode. 

[0062] The invention as specified in claim 1 7 can form a regenerative current in a simple and low-cost structure. 
[0063] Moreover, according to the invention as specified in claim 1 8, the back-flow prevention means are in the form 
of a diode, enabling achievement of the back-flow prevention means by a simple and low-cost structure. 
[0064] Moreover, for achieving the above fourth objective, the invention as specified in claim 19 provides a brake 
controller to which the solenoid-valve controller as depicted in claims 1 to 18 is applied, characterized in that said sole- 
noid valve is a valve for adjusting the brake-fluid pressure within each wheel of a vehicle, and that said control means 
are applied to brake control means for outputting to said solenoid valve a signal for bringing the brake-fluid pressure to 
a desired pressure based on a signal out of cruising-condition detection means for detecting a cruising condition of the 
vehicle, the signal for adjusting the brake-fluid pressure being output to the solenoid valve by said pulse width modula- 
tion control It is noted that as specified in claim 20, in the brake controller depicted in claim 19, the structure may be 
characterized in that it further includes target fluid-pressure calculation means for calculating a target fluid pressure of 
said brake-fluid pressure and a target fluid-pressure gradient which is a rate of change of a target fluid pressure per unit 
of time based on the cruising condition detected by said cruising-condition detection means, that said solenoid valves 
are arranged with a main passage which can supply to a wheel cylinder the brake-fluid pressure produced by a control 
fluid-pressure source independent of a brake operation fluid-pressure source for producing the brake-fluid pressure in 
accordance with driver's brake operation and driver's brake operation itself, and a return passage for returning brake 
fluid supplied to said wheel cylinder to said brake operation fluid-pressure source through a reservoir, and that when 
said control means increase the wheel-cylinder pressure from the preserved state, said output-value correction part 
carries out rise correction wherein a gain is multiplied to temporally enhance the output duty ratio with respect to a value 
corresponding to the target fluid-pressure gradient in the initial stage of pressure increase. 

[0065] Moreover, as specified in claim 21 , in the brake controller depicted in claim 20, upon implementation of rise 
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correction, said output-value correction part may gradually enhance a gain by which the output duty ratio is multiplied 
at the initial stage in accordance with a lapse of time, and then gradually lower it. 

[0066] Moreover, as specified in claim 22, in the brake controller depicted in claim 21 , after implementation of rise 
correction, output-value correction part may carry out correction for temporally reducing the output duty ratio with 

5 respect to the target fluid-pressure gradient. 

[0067] According to the invention as specified in claims 1 9 to 22, in the brake controller which can carry out ABS 
control or automatic brake control, when carrying out control of the brake-fluid pressure, feedback control is possible in 
accordance with the plunger position compared with conventional feedback of the control condition in accordance with 
a change in the wheel velocity, enabling an improvement in the control responsibility of the brake controller, and thus in 

w the control quality. 

[0068] The invention as specified in claim 20 operates as follows: 

[0069] In the brake controller which can carry out ABS control or automatic brake control, when increasing the 
wheel-cylinder pressure from the preserved state, a response lag of an actual fluid-pressure gradient with respect to 
the target fluid-pressure gradient occurs in the initial stage of pressure increase due to a response lag of the solenoid 
75 valve and the fluid pressure. And thereafter, overshoot occurs wherein the actual fluid-pressure gradient temporally 
exceeds the target fluid-pressure gradient. 

[0070] On the other hand, according to the present invention, the control means carry out rise correction wherein a 
gain is multiplied to temporally enhance the output duty ratio with respect to a value corresponding to the target fluid- 
pressure gradient This results in transition of the target fluid pressure with the gradient higher than the gradient for nor- 
20 mal transition thereof, enabling an elimination of the above response lag, and thus an improvement in the control quality. 
[0071] Further, according to the invention as specified in claim 21, upon implementation of the above rise correc- 
tion, a gain by which the output duty ratio is multiplied is gradually enhanced at the initial stage, and then lowered. By 
changing the gain in such a way, an amount of subsequent overshoot can be restrained low while preventing a response 
lag. 

25 [0072] Moreover, according to the invention as specified in claim 22, after implementation of rise correction, correc- 
tion part is carried out for temporally reducing the output duty ratio with respect to the target fluid-pressure gradient This 
enables a restraint of overshoot to conform the actual fluid-pressure gradient to the target fluid-pressure gradient, 
obtaining high control quality. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

[0073] 

FIG. 1 is a claim corresponding view, showing a solenoid-valve controller of the present invention. 
35 FIG. 2 is a diagram of a hydraulic circuit for a brake controller in embodiments. 

FIG. 3 is a sectional view of a solenoid valve in the embodiments. 

FIG. 4 is an explanatory view of a major part in the embodiments. 

FIG. 5 is a characteristic view of applied voltage, coil current, and regenerative current. 

FIG. 6 is a characteristic view illustrating the relationship between regenerative current and an air gap. 
40 FIG. 7 is a flow chart showing flow of ABS control in the embodiments. 

FIG. 8 is a flow chart showing flow of plunger-position detection and feedback control in the embodiment 1 . 

FIG. 9 is a flow chart showing flow of plunger-position calculation in the embodiment 2. 

FIG. 10 is a drawing illustrating a characteristic map of regenerative current in the embodiment 2. 
. FIG. 1 1 is a flow chart showing control flow of correction of the characteristic map in the embodiment 3. 
45 . FIG. 12 is an explanatory view of the embodiment 3. 

FIG. 13 is a time chart explaining the embodiment 4. 

FIG. 14 is a characteristic view of weighting in the embodiment 4. 

FIG. 15 is an explanatory view of the embodiment 5. 

FIG. 16 is a flow chart showing control flow of plunger-position detection in the embodiment 6. 
50 FIG. 1 7 is a characteristic view of the embodiment 6. 

FIG. 18 is a characteristic view of the embodiment 6. 

FIG. 19 is a characteristic view of the embodiment 6. 

FIG. 20 is a characteristic view of the embodiment 6. 

FIG. 21 is an explanatory view of operation in the embodiment 6. 
55 FIG. 22 is a flow chart showing flow of output correction control in the embodiments. 

FIG. 23 is a characteristic view showing a variant of a gradient value in the embodiment 7. 

FIG. 24 is an output characteristic map in the embodiment 7. 

FIG. 25 is a flow chart showing control flow of alteration start correction carried out in the embodiment B. 
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FIG. 26 is a characteristic view of a correction amount in the embodiment 8. 
FIG. 27 is a characteristic view of a correction time in the embodiment 8. 
FIG. 28 is a time chart illustrating operation in the embodiment 8. 
FIG. 29 is a flow chart showing control flow of rise correction in the embodiment 9. 
5 FIG. 30 is a map of hydraulic-pressure rise correction in the embodiment 9. 

FIG. 31 is a time chart illustrating an example of output of a control signal in the embodiment 9. 
FIG. 32 is a time chart illustrating an example of operation in the embodiment 9. 

BEST MODE FOR CARRYING OUT THE INVENTION 

w 

[0074] Embodiments of this invention will be described in detail hereafter based on the drawings. 
[0075] For describing the embodiments, a structure wherein the invention is applied to an ABS controller for pre- 
venting wheel lock during braking will be given as an example. The ABS controller is typically configured to compare a 
wheel velocity with a pseudo vehicle-body velocity (value of a vehicle velocity obtained approximately by operation) to 
15 determine the magnitude of the slip ratio of each wheel. When the slip ratio is greater than a certain value, ABS control 
is started to reduce, retain or increase the fluid pressure applied to a wheel cylinder of each wheel, preventing wheel 
lock. 

[0076] FIG. 2 shows a hydraulic circuit for a brake-fluid pressure controller in the embodiments. A brake unit 60 is 
arranged in the middle of a coupled circuit of a master cylinder and the wheel cylinders 9,10,11,12. Arranged in the 
20 brake unit 60 in the respective illustrated positions are normally-open pressure-increase side solenoid valves 33, 34, 

35, 36 and normally-closed pressure-reduction side solenoid valves 43, 44, 45, 46, which carry out pressure reduction, 
retention and increase of the wheel cylinders 9-1 2. Moreover, arranged in the brake unit 60 are pumps 37, 38 for return-, 
ing to the master cylinder 3 oil removed from the wheel cylinders 9-12 to reservoirs 55, 56 during pressure reduction. 
During pressure reduction of the wheel cylinders 9-12, the pressure-increase side solenoid valves 33-36 are closed, 

25 and the pressure-reduction side solenoid valves 43-46 are open/closed, removing brake fluid of the wheel cylinders 9- 
1 2 to the reservoirs 55, 56. During pressure retention, the solenoid valves 33-36, 43-46 are closed to enclose brake fluid 
in the wheel cylinders 9-12. During pressure increase, the pressure-increase side solenoid valves 33-36 are open, and 
the pressure-reduction side solenoid valves 43-46 are closed as shown in the drawing. Moreover, the pumps 37, 38 are 
driven by a motor 30. 

30 [0077] Further, wheel-velocity sensors 51 , 52, 53, 54 are arranged to generate wheel-velocity pulses of wheels (not 
shown). The wheel-velocity sensors 51 -54 are connected to a control unit 50. It is noted that signal lines with the control 
unit 50 are partly omitted in the drawings. 

[0078] Said control unit 50 carries out PWM control with respect to the pressure- increase side solenoid valves 33- 

36. This PWM control is carried out during ON -> OFF -» ON, and is composed of a full OFF time and a time during 
35 which an ON signal based on the duty ratio is operated. 

[0079] Next, FIG. 3 shows an ON/OFF type solenoid valve 300 applied to said pressure-increase side solenoid 
valves 33-36. This solenoid valve 300 is provided with a valve hole 301 , a sheet face 302 arranged around the valve 
hole 301, a plunger 303 for ensuring operation to open and close the valve hole 301, a spring 304 for biasing the 
plunger 303 in the valve opening direction, and a coil 305 for attracting the plunger 303 by excitation resulting from ener- 
40 gization. Moreover, the plunger 303 is provided with a valve portion 303a abutting on the sheet face 302, and a movable 
iron-core portion 303b receiving an attraction force from the coil 305. And an air gap G is arranged between the mova- 
ble iron core portion 303b and a valve body 306. 

[0080] Next, the featured structure of this embodiment will be described in accordance with FIG. 4. 
[0081] Connected in parallel with the coil 305 of the solenoid valve 300 constituting said pressure -increase side 
45 solenoid valve is a regenerative-current formation circuit 501 to which a current detection resistance 502 and a diode 
503 are connected in series. The diode 503 is arranged so that current to the coil 305 in the direction of energization 
does not pass through the current detection resistance 502. - 

[0082] Connected upstream and downstream of said current detection resistance 502 is a regenerative-current 
detection circuit 504 which is arranged in the control unit 50. 
so [0083] Specifically, when a drive current I, is provided to the coil 305 of the solenoid valve 300 (this is energization 
for exciting the coil 305, and passes through as illustrated in the drawing), and when the energization is cut off, a regen- 
erative current l 2 in the opposite direction to the drive current passes through the regenerative-current formation circuit 
501 , which is detected by the regenerative-current detection circuit 504. 

[0084] FIG. 5 shows the relationship between these signals, wherein (a) denotes an output signal of the control unit 
55 50, (b) denotes the drive current I, passing through the coil 305, and (c) denotes the regenerative current l 2 . As illus- 
trated in the drawing, the drive current I, passes through the coil 305, having a current value increased in accordance 
with output of an ON signal when an output signal is output from the control unit 305 (ON part corresponds to a duty 
signal), and a current value decreased when the output signal is switched from ON to OFF On the other hand, the 
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regenerative current l 2 passes in the opposite direction to the drive current Ij when the output signal is switched from 
ON to OFF, a current value of which is high at the moment at which switching is made from ON to OFF, and then varies 
to lower gradually. It is noted that a current value of the drive current \ A is determined by the duty ratio of ON part of the 
output signal, and is increased as the duty ratio is increased, and deceased as the duty ratio is decreased. 

5 [0085] The regenerative current l 2 has different waveforms in accordance with an inductance characteristic varying 
with a clearance of said air gap G. Specifically, as shown in FIG. 6(b), an inductance L varies with the magnitude of the 
dimension of the air gap G. And as shown in FIG. 6(a), a value of the regenerative current l 2 varies with a variation in 
the dimension (Al in the drawing). Therefore, the dimension of the air gap G, i.e. the position of the plunger 303 can be 
detected out of a value of the regenerative current l 2 in the regenerative-current detection circuit. 

io [0086] Next, ABS control in the control unit 50 will be described. 

[0087] FIG. 7 is a flow chart showing fundamental flow of ABS control. At a step S1 , an initialization is carried out. 
At a subsequent step S2, the wheel velocity is operated based on signals out of the wheel-velocity sensors 51 -54, and 
the wheel acceleration and deceleration is calculated out of its rate of change. 

[0088] At a step S3, the pseudo vehicle-body velocity is calculated based on the wheel velocity, and the vehicle 
75 deceleration is obtained based thereon. Further, at a step S4, the slip ratio of the wheels is calculated. At a subsequent 
step S5, a pressure- reduction threshold value is operated. 

[0089] Next, at a step S6, it is determined whether or not the slip ratio obtained out of the wheel velocity exceeds 
the pressure-reduction threshold value. When exceeding it (YES), flow proceeds to a step S8 where pressure-reduction 
control of the brake-fluid pressure is carried out On the other hand, if the slip ratio is smaller than the pressure-reduction 

20 threshold value (NO), flow proceeds to a step S7 where it is determined whether or not the wheel acceleration and 
deceleration is greater than a predetermined retention level. When being greater than it (YES), flow proceeds to a step 
S1 0 where pressure-retention control of the brake-fluid pressure is carried out. When the wheel acceleration and decel- 
eration is smaller than the retention level, pressure-increase control of the brake-fluid pressure is carried out And this 
ABS control is carried out every 10 ms. At a step S11 , it is determined whether or not 10 ms elapsed. After a lapse of 

25 1 0 ms, flow proceeds to a step S2. 

[0090] In this embodiment, in connection with implementation of PWM control, for example, PWM control is started 
with pressure retention control of the brake-fluid pressure at the step S10, and output of a duty-ratio signal is carried 
out based on PWM control with pressure-increase control of the brake-fluid pressure at the step S9. When implement- 
ing this PWM control, feedback control is carried out to alter detection of the position of the movable iron-core portion 

30 303b of the plunger 303 and an output current value. 

[0091] Next, the respective embodiments will be described in detail. 

(Embodiment 1) 

35 [0092] The embodiment 1 corresponds to the invention depicted in claims 1-3 and 17-19, and relates to feedback 
control for altering detection of the position (of the movable iron-core portion 303b) of the above plunger 303 and an 
output current value. Feedback control in this embodiment 1 will be described in detail in accordance with the flow chart 
in FIG. 8. 

[0093] First, at a step S21 , the regenerative current l 2 is detected in the regenerative-current detection circuit 504. 
40 At a step S22, a regenerative-current waveform as shown in FIG. 6 is read to detect the position (of the movable iron- 
core portion 303b) of the plunger 303 based on the difference Al resulting from the air gap G. 

[0094] At a subsequent step S23, it is determined whether or not the detected position of the plunger 303 is a target 
position. If it is the target position, flow returns without any processing. On the other hand, if the detected position is 
shifted from the target position, flow proceeds to a step S24 where the drive current I-, is corrected. This correction is 

as carried out by alteration of the duty ratio. 

[0095] In the embodiment as described above, the position of the plunger 303 of the solenoid valve 300 can be 
detected accurately. And at this time, due to parallel arrangement of the current-detection resistance 502 with respect 
to the coil 305 of the solenoid valve 305, and no energization of the current detection resistance 502 during energization 
of the coil 305 by means of the diode 503, an attraction force of the coil 305 may not be lowered. 

so [0096] Therefore, there is no need to increase the number of turns of the coil 305 of the solenoid valve 300, ena- 
bling accurate detection of the position of the plunger 303 while driving the solenoid valve 300 without any cost increase 
nor size enlargement of the solenoid valve, resulting in the solution of the conventional problem. 
[0097] And as described above, due to possible detection of the position of the plunger 303 of the solenoid valve 
300, with pressure-increase control of the brake-fluid pressure, the output fluid pressure of the solenoid valve 300 is not 

55 feedback controlled in accordance with a variation in the wheel velocity based on actual pressure increase, but can be 
feedback controlled in accordance with the position of plunger 303, obtaining the effect of possible improvement in the 
control responsibility, and thus in the control quality. In addition, such feedback control is carried out by a simple struc- 
ture without a pressure sensor for detecting the wheel-cylinder pressure or the like, but with the regenerative-current 
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formation circuit 501 and the regenerative-current detection circuit 504 incorporated in the circuit, resulting in possible 
achievement of the above effect at low cost. 

(Embodiment 2) 

5 

[0098] The embodiment 2 corresponds to the invention depicted in claims 4, 5 and 9, and differs from the embodi- 
ment 1 in the method of calculating the plunger position, which is shown in the description of the embodiment 1 in con- 
nection with the step S22 in FIG. 8. 

[0099] This will be described according to the flow chart in FIG. 9. 
w [0100] First, at a step 91 , the regenerative current l 2 is detected, and the output duty ratio is stored. 

[0101] Next, at a step 92, a gradient value Z of the regenerative current is calculated. Specifically, this gradient 
value Z is an approximation of the gradient of a waveform of the regenerative current obtained from the inclination of a 
line connecting a point A and a point B as shown in FIG. 10. 

[0102] Next, at a step 93, based on a characteristic map of regenerative current as previously input, a gradient 
15 value X upon full opening and a gradient value Y upon full closing are obtained at the stored duty ratio. Specifically, the 
gradient value X upon full opening and the gradient value Y upon full closing for the regenerative current as shown in 
FIG. 1 0 are input as a characteristic map of regenerative current for every duty ratio, which are obtained at the step 93. 
[0103] Next, at a step 94, the position of the plunger is calculated by {(Z - Y)/(X - Y)} * 100 . Specifically, the posi- 
tion is obtained based on what is the ratio of the actual gradient value Z to the two gradient values X, Y. 
20 [0104] In such a way, in the embodiment 2, since the position of the plunger 303 is obtained from the gradient value 
Z of a response waveform of the regenerative current, an influence of dispersed detection is restrained with respect to 
the embodiment 1 wherein the position is obtained from the difference Al at fall of the regenerative current, enabling 
improved accuracy. 

[0105] In addition, since the gradient value Y upon full opening and the gradient value Y upon full closing are pre- 
25 viously stored as a map for every duty ratio, the processing speed is higher, obtaining excellent detection responsibility. 
[0106] In this connection, in the embodiment 2, the plunger position is obtained based on a gradient value of a 
response waveform of the regenerative current and a map of gradient values upon full opening and full dosing. How- 
ever, such detection based on a map and a response waveform (application of the invention as depicted in claims 4 and 
5, in short) is not limited to the method based on a gradient value, and is also applicable to the method based on the 
30 current difference Al as in the embodiment 1 . That is, the plunger position can be detected such that the current differ- 
ence Al between full opening and full closing is previously stored as a characteristic map of regenerative current, and it 
is determined what is a value of ratio of a current value detected from this response waveform to the current difference 
Al. 

35 (Embodiment 3) 

[0107] The embodiment 3 corresponds to the invention as depicted in claims 4 to 9, and is an example that the 
characteristic map of regenerative current as illustrated at the step 93 in the embodiment 2 is corrected for each sole- 
noid valve 300. 

40 [0108] How of this map correction will be described according to the flow chart in FIG. 1 1 . First, at a step 1 1 1 , it is 
determined whether of not vehicle start is detected or a predetermined check signal is input Here, vehicle start is 
detected, for example, by turn-on of an ignition switch, etc. Moreover, the predetermined check signal is a predeter- 
mined signal input at a manufacturing line of vehicles and during adjustment before shipment. 

[0109] When having any of start detection and input of a check signal at a step 111, flow proceeds to a step 1 1 2 
45 where it is determined whether or not braking is carried out. If braking is not carried out flow proceeds to a step 113 
where map correction is carried out. It is noted that the presence or absence of implementation of braking may be deter- 
mined by detection whether or not a brake switch is turned on, or it may be determined, in the structure with a pressure 
sensor arranged in a brake circuit, based on a detection value thereof. 

[0110] Next, using FIG. 12, a description will be made with regard to map correction carried out at the step 113. 

50 Upon this correction, a current IT of a predetermined duty ratio is output to the solenoid valve 300 so as to a gradient 
value Z A of the regenerative current thereof. In the embodiment 3, this current IT is used for measurement upon full 
opening. In this case, a gradient value X B corresponding to the current IT is determined in the characteristic map of 
regenerative current as previously input. On the other hand, if the detected gradient value Z A is different from the set 
gradient value Z B as illustrated in the drawing, the map is shifted by a difference thereof. Specifically, an initial charac- 

55 teristic as previously input and shown by solid line in the drawing is shifted downward by a difference as shown by bro- 
ken line in the drawing. Thus, thereafter, upon control shown in FIGS. 7-9 as illustrated in the embodiments 1 and 2, 
control is carried out based on this corrected characteristic map of regenerative current. 
[0111] The embodiment 3 configured as mentioned above produces the following effect and operation: 
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[0112] The solenoid valve 300 has dispersed attraction force with respect to current passing therethrough in 
accordance with the coil winding state. Moreover, the regenerative-current formation circuit 501 and the regenerative- 
current detection circuit 504 also have dispersed detection of regenerative current due to dispersion of characteristics 
of the structures. This results in dispersion of the relationship between a value of current passing through the solenoid 

5 valve 300 and the plunger position. 

[0113] Then, if the gradient value Z A of the regenerative current detected when providing, upon shipment, a check 
signal to pass the current value IT for checking is shifted from a value as previously input in the characteristic map of 
regenerative current the map is shifted by a difference thereof, enabling achievement of high detection accuracy without 
being affected by the above dispersion. Moreover, since this correction is carried out for each solenoid valve 300, higher 

io detection accuracy is obtained. 

[0114] Further, the plunger position is shifted with respect to a current value due to deterioration of the solenoid 
valve 300 with time such as wear of the sheet face 302 and the plunger 303. In such case, correction of the above map 
is carried out every start to allow preservation of high detection accuracy. In this connection, said correction may be 
omitted upon shipment, and be carried out every start. 

15 

(Embodiment 4) 



[0115] The embodiment 4 corresponds to the invention as depicted in claims 4, 5, 9, 10 and 11, and is a partly 
altered variant of the embodiment 2 wherein calculation processing of a gradient value of the regenerative current car- 

20 ried out at the step 92 differs from that one in the embodiment 2. 

[0116] Specifically, in the embodiment 4, when calculating the gradient value Z, a plurality of response waveforms 
of the regenerative current obtained in a single control cycle are subjected to averaging processing so as to obtain the 
gradient value Z. And when carrying out averaging processing, different weighting, i.e. coefficient is applied to the initial 
stage and the late stage in a single control cycle. 

25 [0117] A detailed description will be made with regard to this. 

[0118] FIG. 13 shows the relationship between the drive current ^ and the regenerative current l 2 . In a single con- 
trol cycle, n regenerative currents l 2 are detected in accordance wit the frequency of output current. In this embodiment, 
n = 3 is given. However, a value of n is not limited thereto, and may be, of course, in the order of n = 100-300. 
[0119] Here, the gradient value Zn of each regenerative current is calculated by operation of Zn = An - Bn . In the 

30 embodiment 4, in providing weighting to those values, averaging processing for calculating an average value is carried 
out based on the following equation: 



Average value = {(K * (A1 - B1) + K2 * (A2 - B2) + K3 * (A3 - B3))/n - T 



35 wherein Kn is a weighting coefficient and T is a number of data from the start, which are determined in accordance with 
a current variation AIH of the drive current Ij as shown in (a) and (b) in FIG. 14. First, with the number T of data from a 
start value, processing is carried out as shown in FIG. 14(a) such as T = 0 when the current variation AIH is little or very 
small, and T = 1 and T = 2 when the current variation AIH becomes greater. Moreover, with the coefficient Kn, process- 
ing is carried out as shown in FIG. 14(b) such as K1 =0, K2 = 1 , and K3 = 2 if T = 0, and K1 = 0, K2 = 0, and K3 = 1 if 

40 T = 1 . That is, a gradient value Z1 obtained from a first regenerative-current response waveform in a single control cycle 
is removed from average-value data as a stroke of the plunger is not stabilized. And an average value is obtained based 
on gradient values Z2, Z3 obtained from a second regenerative-current response waveform and the subsequent. On 
the other hand, when the current variation AIH is large, the gradient value Z2 obtained from the second regenerative- 
current response waveform is also removed for the same reason. And processing is carried out with the gradient value 

45 Z3^ as an average value, which is obtained from the third regenerative-current response waveform. 
[0120] Next the operation and effect of the embodiment 4 will be described. 

[0121] When the solenoid valve 300 is actuated based on PWM control, the plunger 303 is not always stably posi- 
tioned at the middle opening degree, and may have a fine stroke. Moreover, when changing the valve opening degree, 
i.e. the position of the plunger 303, the plunger 303 does not finish moving instantaneously, but needs a time for move- 
so ment, particularly, when an amount of movement is greater. And a response lag occurs for the regenerative current pro- 
duced in accordance with this. 

[0122] On the other hand, in the embodiment, when detecting the position of the plunger 303 based on the regen- 
erative current, the gradient value Zn obtained in a single control cycle is averaged to obtain the gradient value Z, so 
that even if the positions of the plunger 303 are dispersed in a fine way, the position can be detected with high accuracy 
55 without being affected thereby. 

[0123] Further, if, when moving the plunger 303, its amount of movement, i.e. the current variation AIH is great, an 
average value is calculated to correspond to this magnitude, in removing data of the gradient value Zn obtained for the 
first time or up to the second time and in relying upon the remainder data. Therefore, an inaccurate gradient value of 
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the moving plunger 303 may not be included in an average value, enabling detection of the position of the plunger 303, 
i.e. the valve opening degree with high accuracy. 

[0124] The embodiment 4 has been described with regard to an example of the frequency of a single control cycle 
of n = 3. The frequency n only needs to two or more, and is not limited to 3, and may be a value of 100 or more as 
described above. In such away, when a value of n is large, alleviation of weighting of the coefficient Kn may be carried 
out not only for the first time, but for in the order of 1/3 of n, for example. Moreover, the embodiment 4 showed two val- 
ues of 0 and 1 as weighting of the coefficient Kn. A middle value thereof can be added to obtain divided ranges of light 
weighting, middle weighting, and heavy weighting. 

(Embodiment 5) 

[0125] The embodiment 5 corresponds to the invention as depicted in claim 12, and relates to a technique when 
the frequency is increased in PWM control. 

[0126] Increasing the control frequency is possible as one of the means for enhancing the control quality. Specifi- 
cally, when carrying out PWM control, a stroke of the plunger 303 can produce a pulse pressure or abnormal noise 
called cry at the coil of the solenoid valve 300. For solving this, it is possible to output a PWM signal at the frequency of 
20 KHz or more, for example. However, when outputting the coil current I, at high frequency in this way, operation of the 
gradient value Zn of each response waveform of the regenerative current l 2 requires high-speed processing means, 
resulting in cost increase. 

[0127] The embodiment 5 is an example of calculating the gradient value Z by low-cost and low-speed processing 
means even at increased control frequency. 

[0128] Specifically, the gradient value Z is obtained at the step S22 for calculating the plunger position in the 
embodiment 1 in the same way as in this embodiment. In the embodiment 5, the gradient value Z is operated across a 
plurality of response waveforms as shown in FIG. 1 5. That is, the gradient value Z is obtained from values of a waveform 
at two points of A and B as described above. In the embodiment, the gradient value Z is obtained from a value An of 
one waveform at a point A and a value Bn + 1 or Bn +2 of the following response waveform or the subsequent waveform 
at a point B. 

[0129] As described above, in the embodiment 5, the gradient value Z is calculated based on values obtained 
across a plurality of response waveforms, thus enabling calculation of the gradient value Z even with implementation of 
PWM control of high frequency or the use of low-cost means with the processing speed being not especially high. 
Therefore, though with low-cost means, an improvement can be achieved in the control quality as well as the control 
accuracy due to calculation of the gradient value Z. 

[0130] In connection with a description of the embodiment 5, FIG. 15 shows an example of calculation of the gra- 
dient value Z across the response waveforms 2 or 3. The number of response waveforms is not limited to that one in 
the embodiment, i.e. it may suitably be determined in view of the output frequency for PWM control and the processing 
speed of the control unit 50. By way of example, if a desirable time required for calculation of the gradient value Z is 
preset, the gradient value may be calculated across the number of waves of regenerative current produced within the 
preset time. 

(Embodiment 6) 

[0131] The embodiment 6 corresponds to the invention as depicted in claim 13, and is characterized in that when 
calculating the plunger position as shown at the step S22 in the embodiment 1 , correction is carried out based on the 
coil temperature and the battery voltage. 

[0132] FIG. 16 is a flow chart showing flow of only part of calculation of the plunger position in the embodiment 6. 
[0133] At a step 161 , read are the output duty ratio in a control target cycle, a measurement value of a regenerative- 
current waveform at the point A (refer to FIG. 1 0), and the battery voltage based on input out of a battery-voltage sensor, 
not shown. 

[0134] At a subsequent step 1 62, the coil temperature is obtained. It is noted that the coil temperature is a temper- 
ature of the coil 305 of the solenoid valve 300, which is obtained as follows. First, a temperature coefficient is obtained 
from a characteristic view of regenerative current vs. temperature coefficient as shown in FIG. 1 7 and based on a meas- 
urement value at the point A and the duty ratio. It is noted that in this characteristic view, the duty ratio is divided into 
three, i.e. large, medium and small magnitudes. 

[0135] Next the coil temperature is obtained from a characteristic view of temperature coefficient vs. coil tempera- 
ture as shown in FIG. 18 and based on a temperature coefficient and a battery voltage. It is noted that in this charac- 
teristic view, the battery voltage is divided into three, i.e. thigh, medium and low magnitudes. 

[0136] The characteristic views in FIGS. 17 and 1 8 show the relationships between a value of regenerative current 
at the point A and a coil temperature based on a difference between the duty ratio and the battery voltage by means of 
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a map, which may alternately be shown by means of a function. Moreover, they may be replaced with a map (or a func- 
tion) based on a value of regenerative current at the point B. 

[0137] Next flow proceeds to a step 163 where a correction amount of the gradient value of regenerative current is 
calculated. Here, first; a correction coefficient is obtained from a characteristic view of coil temperature vs. correction 

5 coefficient as shown in FIG. 19 and based on the coil temperature obtained at the step 1 62 and the duty ratio. Next a 
correction amount is obtained from a characteristic view of correction coefficient vs. correction amount as shown in FIG. 
20 and based on the correction coefficient and the battery voltage. It is noted that FIGS. 1 9 and 20 show the relation- 
ships between a coil temperature and a gradient value of regenerative current based on a difference between the duty 
ratio and the battery voltage by means of a map (or a function). 

10 [0138] Next, flow proceeds to a step 1 64 where the plunger position is calculated. In the embodiment, correction of 
the gradient value Z is carried out by adding/subtracting the correction amount obtained at the step 163 to/from the 
obtained gradient value Z, and then the plunger position is obtained in the same way as in the embodiment 2. 
[0139] Next, the operation and effect of the embodiment 6 will be described. 

[0140] When energization results in a temperature rise of the coil 305 in the solenoid valve 300, a coil resistance is 
15 increased to decrease a current value of regenerative current FIG. 21 shows one of the examples, from which it can be 
seen that in response waveforms of regenerative current for the coil temperatures of 25°C and 80°C, the waveform at 
80°C is lower. Similarly, when the battery voltage varies, a current value also varies with it. 

[0141] On the other hand, in the embodiment 6, even if a current value of regenerative current varies due to a var- 
iation in the coil temperature or the battery voltage, this variation part is calculated as a correction value based on a 
20 measurement value of regenerative current at the point A, the duty ratio and the battery voltage, which is added/sub- 
tracted to/from the gradient value Z obtained from the regenerative current, enabling accurate determination of the 
plunger position without being affected thereby 

(Embodiment 7) 

25 

[0142] The embodiment 7 corresponds to the invention as depicted in claim 14, and relates to correction control at 
part of the control unit 60 for carrying out control of outputting the drive current I-, to the coil 305. 
[0143] This embodiment 7 carries out output correction control as shown in the flow chart in FIG. 22 upon shipment 
and upon start in the same way as the invention as depicted in claim 8. In this output correction control, first, at a step 

30 21 1 , the drive current lj is output in being gradually increased from 0. 

[0144] Next, at a step 212, an operating-point duty ratio Dc is obtained based on the gradient value Z of regenera- 
tive current, which is the duty ratio at the moment when the plunger 303 of the solenoid valve 300 starts moving from 
the full-open position. FIG. 23 shows a variant of the gradient value Z when increasing the drive current l 1 . In this way, 
it is obtained the duty ratio when the gradient value Z varies from the full open state to the full closed state. 

35 [0145] Next, at a step 213, an output characteristic is corrected based on the operating-point duty ratio Dc. In this 
connection, this correction is possible by altering a gain to be multiplied by a control signal or by shifting an output char- 
acteristic map as shown in FIG. 24. 

[0146] Therefore, in the embodiment 7, even if the solenoid valves 300 have the operating characteristics dispersed 
respectively due to assembling error of the solenoid valves 300, winding error of the coils 305, etc., or varied due to their 
40 deterioration with time, correction of the output characteristic upon shipment and upon start as described above 
ensures correction of the above respective performance dispersions to obtain uniform operating characteristic, resulting 
in achievement of the effect of possible improvement in the control accuracy. 

(Embodiment 8) 

45 

[0147] The embodiment 8 corresponds to the invention as depicted in claims 15 and 1 6, and is characterized in that 
the control responsibility is enhanced by carrying out correction upon output of the drive current l v 
[0148] FIG. 25 is a flow chart showing control flow of correction upon alteration start, which is carried out in the 
embodiment 8. At a step 241 , the duty ratio to be output in this control cycle (which is referred to as reference duty ratio) 
so is read. It is noted that this duty ratio is determined based on amounts of pressure reduction and pressure increase of 
the required fluid pressure, for example, at the steps S8 and S9 included in fundamental control in FIG. 7 as illustrated 
in the embodiment 1 . 

[0149] Next, at a step 242, a duty variation is calculated, which is a difference between this duty ratio and the duty 
ratio in the last control cycle. At a subsequent step 243, a correction amount is determined based on a characteristic 
55 view of a correction amount as shown in FIG. 26 and in accordance with the duty variation. As for this correction-amount 
characteristic, within the range of small duty variation, correction is not carried out, and if the duty variation is greater 
than it, a correction amount is increased in proportion to the duty variation until the variation reaches a predetermined 
value. If the variation exceeds the predetermined value, a correction amount is set to a given upper limit. 
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[0150] Next, at a step 244, a duty-correction time is calculated, which is a time having the above correction amount 
added. This duty-correction time is determined by the duty variation as is illustrated in a characteristic view of a correc- 
tion time shown in FIG. 27. Within the range of small duty variation, a correction time is 0, i.e. correction is not carried 
out, and if the duty variation is greater than it, a correction time is increased in proportion to the duty variation until the 
variation reaches a predetermined value, if the variation exceeds the predetermined value, a correction time is set to a 
given upper limit. 

[0151] Next, at a step 245, a final duty ratio is calculated, which is the duty ratio having a correction amount added. 
Specifically, within the range ot a correction time, the final duty ratio is equal to the reference duty ratio plus a correction 
amount Moreover, beyond the range of a correction time, the final duty ratio is equal to the reference duty ratio. The final 
duty ratio obtained in such a way is output to the solenoid 300. 
[0152] Next, the operation and effect of the embodiment 8 will be described. 

[0153] FIG. 28 is a drawing of comparison of execution and inexecution of correction upon alteration start in the 
embodiment 8 when a target duty ratio is altered to a higher value than the last value in this control cycle. In the drawing, 
solid line shows a case of executing correction upon alteration start, and chain line shows a prior art of not executing 
correction upon alteration start In the case of the prior art, in one control cycle, the drive current li is uniformly output, 
having the reference duty ratio corresponding to the target duty ratio. In this case, a regenerative -current waveform 
needs a time until it reaches a value corresponding to a target plunger position, which is referred here to as a regener- 
ative-current stabilizing time. During this regenerative-current stabilizing time, a regenerative-current waveform does 
not correspond to the position of the plunger 303, resulting in impossible accurate detection of the plunger position 
based on the regenerative-current waveform. 

[0154] On the other hand, in the embodiment 8, when altering the target duty ratio, at the initial stage, a value hav- 
ing a duty correction amount added is output temporally. As a result, a regenerative-current stabilizing time is short- 
ened, so that a regenerative-current waveform rises to a value corresponding to the target duty ratio in a short period 
of time. Therefore, a time band is shortened, in which the plunger position cannot be detected accurately, obtaining the 
effect of possible improvement in the control responsibility and the control accuracy. 

(Embodiment 9) 

[0155] The embodiment 9 corresponds to the invention as depicted in claims 20-22, and is characterized in that rise 
correction is carried out, which corrects a gain to be multiplied by the target duty ratio when controlling the wheel-cylin- 
der pressure from preservation to pressure increase. 

[0156] This rise correction will be described according to the flow chart in FIG. 29. 

[0157] First, at a step 281 , it is determined whether or not a target pressure PT is 0. If the target pressure PT is 0, 
flow proceeds to a step 283, whereas if the target pressure PT is not 0, flow proceeds to a step 282. It is noted that the 
target pressure PT = 0 indicates preservation, and the target pressure PT * 0 indicates pressure increase. 
[0158] At a step 282, a count value COT of a counter is increased, while at a step 283, the count value COT of the 
counter is cleared to 0. 

[0159] At a step 284, it is determined whether or not the count value COT of the counter exceeds a preset maximum 
correction time MAPJvlAX. When exceeding it, flow proceeds to a step 285 where processing is carried out such that 
COT = MAP_MAX. 

[0160] At a step 286, referring to a map of fluid-pressure rise correction map as shown in FIG. 30 a gain GIN_T is 
determined in accordance with the count value COT of the counter. As for this gain GIN_T, as shown in FIG. 30, first 
and second outputs of the gain GlN_T are determined to be a value greater than 1 , and a third output of the gain GIN_T 
is determined to be a value less than 1 , and fourth (MAP_MAX) and subsequent outputs are determined to be 1 . 
[0161] At a step 287, an after-correction control signal SIGCNT_T is obtained. This is obtained by multiplying a con- 
trol signal SIGCNT by the gain GIN_T This after-correction control signal SIGCNT_T as shown by solid line in FIG. 31 
is higher than the control signal SIGCNT as shown by broken line at the initial stage. Thereafter, it has once a value 
lower than the control signal SIGCNT, and then the same value as the control signal SIGCNT. 

[0162] Next, an example of operation of the embodiment 9 will be described according to the flow chart in FIG. 32. 
If rise correction to be carried out in the embodiment 9 is not carried out, during a period of time that the drive current 
is output to move the plunger 303 actually so as to carry out pressure increase, a control pressure PL is lagged in 
time with respect to a target pressure PT1 , and produces a little overshot. 

[0163] Then, rise correction in the embodiment 9 is carried out to provide a large gain by a first pulse and a second 
pulse, and reduce a gain by a third pulse, enabling the control pressure PL to correspond to the target pressure PT 
[0164] As described above, the embodiment 9 produces the effect of allowing a reduction in a rise lag of the actual 
control pressure PL to obtain high control accuracy. 

[0165] Having described the embodiments in detail in accordance with the drawings, the specific structure is not 
limited to that one in the embodiments, and the present invention may include changes of the design, etc. without 
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departing from the gist of the present invention. By way of example, in the embodiments, the example was given 
wherein the present invention is applied to a brake-fluid pressure controller for carrying out ABS control for preventing 
wheel lock during braking. The present invention may be applied to control for restraining slip of driving wheels, control 
for providing a braking force, when the cruising condition falls in excessive oversteer or excessive understeer, to pro- 
5 duce a yaw moment in a vehicle in the direction to restrain or prevent it, or braking control in automatic cruising control, 
or a brake controller which allows implementation of brake-by-wire braking control wherein a brake pedal and the brake- 
fluid pressure are not connected directly. 

[0166] Moreover, in the embodiments, the example was given wherein the solenoid valve 300 is applied to the pres- 
sure-increase side solenoid valves 33-36. Alternately, it is applicable to other solenoid valves such as the pressure- 
to reduction side solenoid valves 43-46. Further, the solenoid valve for switching full opening and full dosing can be 
applied to the entire art for PWM control Furthermore, in the regenerative-current formation circuit 501 , the means for 
limiting the direction of current passage to the direction of the regenerative current l 2 are not limited to a diode. 

Claims 

15 

1 . A solenoid-valve controller provided with a solenoid valve which is switchable between the full closed state where 
a plunger abuts on a sheet face and the full open state where the plunger separates from the sheet face, and con- 
trol means for carrying out energization to a coil for driving the plunger of the solenoid valve by pulse width modu- 
lation control, characterized in that 

20 

there are arranged regenerative-current formation means for forming a regenerative current in parallel with 
said coil, 

that said control means are arranged with regenerative-current detection means for detecting the regenerative 
current, and 

25 that said control means carry out said pulse width modulation control based on a detection value of the regen- 

erative-current detection means. 



2. The solenoid-valve controller as specified in claim 1 , characterized in that said control means are provided with an 
opening-degree determination part for determining a position of the plunger with respect to said sheet face based 
30 on a response waveform of the regenerative current 



3. The solenoid-valve controller as specified in claim 2, characterized in that said control means are provided with an 
output-value correction part for correcting an output value of the pulse width modulation control in accordance with 
the position of the plunger determined in the opening-degree determination part. 

35 

4. The solenoid-valve controller as specified in claim 2 or 3, characterized in that said opening-degree determination 
part determines the plunger position based on a comparison between a regenerative-current characteristic corre- 
sponding to the response waveform of the regenerative current when the solenoid valve is in the full open state and 
the response waveform of the regenerative current when the solenoid valve is in the full closed state, and the 

40 response waveform of the detected regenerative current. 

5. The solenoid-valve controller as specified in claim 4, characterized in that said opening-degree determination part 
is such that the regenerative-current characteristic used in plunger-position determination is previously provided as 
a characteristic map of the regenerative current. 

45 

6. The solenoid-valve controller as specified in claim 4, characterized in that said opening-degree determination part 
carries out characteristic-map correction for correcting said characteristic map of the regenerative current based on 
the response waveform of the regenerative current obtained when outputting a preset predetermined duty ratio in 
the state of no load resulting from the fluid pressure. 

50 

7. The solenoid-valve controller as specified in claim 6, characterized in that said opening-degree determination part 
carries out characteristic-map correction when detecting start of the apparatus. 

, 8. The solenoid-valve controller as specified in claim 7, characterized in that said opening-degree determination part 
55 carries out characteristic- map correction when inputting a predetermined signal upon shipment in addition to upon 
start of the apparatus. 

9. The solenoid-valve controller as specified in claims 5 to 8, characterized in that said characteristic map of the 
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regenerative current is a map illustrating a gradient value from rise to fall of the regenerative current when the sole- 
noid valve is in the full open state and a gradient value from rise to fall of the regenerative current when the solenoid 
valve is in the full closed state, and 

that said opening-degree determination part obtains the gradient value from rise to fall of the regenerative cur- 
rent out of the response waveform of the regenerative current as detected, and determines the position of the 
plunger based on this gradient value and said characteristic map of the regenerative current. 

10. The solenoid-valve controller as specified in claim 9, characterized in that, when obtaining the gradient value of the 
regenerative current, said opening-degree determination part carries out averaging correction wherein a value 
obtained by averaging processing of the gradient values corresponding to a plurality of response waveforms 
detected in a single control cycle is set to the gradient value. 

11. The solenoid-valve controller as specified in claim 10, characterized in that, in order to carry out averaging correc- 
tion, said opening-degree determination part carries out averaging processing with weighting of the gradient value 
obtained from the late response waveforms in the single control cycle being heavier than that of the gradient value 
obtained from the initial response waveforms. 

12. The solenoid-valve controller as specified in claims 9 to 11, characterized in that said opening-degree determina- 
tion part calculates the gradient value based on a detection value in the response waveform of the regenerative cur- 
rent across a plurality of periods in the single control cycle. 

13. The solenoid-valve controller as specified in claims 2 to 12, characterized in that said control means are arranged 
with voltage detection means for detecting a battery voltage and temperature detection means for obtaining a coil 
temperature of the solenoid valve, and 

that said opening-degree determination part carries out gradient-value correction for correcting the calculated 
gradient value based on the detected battery voltage and coil temperature. 

14. The solenoid-valve controller as specified in claims 3 to 13, characterized in that said output-value correction part 
calculates an operating point at which the plunger starts to operate by applying a predetermined current to the coil, 
and determines the output characteristic in accordance with the operating point. 

15. The solenoid-valve controller as specified in claims 3 to 14, characterized in that when altering the duty ratio of the 
output signal output from said control means, said output-value correction part carries out correction upon altera- 
tion start for adding a correction value to a target duty ratio during a predetermined period of time from start of out- 
put of a new duty ratio. 

16. The solenoid-valve controller as specified in claim 15, characterized in that said output-value correction part deter- 
mines whether or not correction upon alteration start is carried out in accordance with an amount of deviation 
between this duty ratio and the last duty ratio, and that if the amount of deviation is greater than a predetermined 
value, it determines to carry out correction upon alteration start. 

17. The solenoid-valve controller as specified in claims 1 to 16, characterized in that said regenerative-current forma- 
tion means comprise a current detection resistance connected in parallel with the coil of said solenoid valve, and 
back-flow prevention means arranged in series with the current detection resistance and for inhibiting energization 
of the current detection resistance in the direction of current passage for driving the coil, and allowing merely ener- 
gization of the regenerative current in the opposite direction. 

18. The solenoid-valve controller as specified in claim 17, characterized in that said back-flow prevention means are in 
the form of a diode. 

19. A brake controller to which the solenoid-valve controller as specified in claims 1 to 18 is applied, characterized in 



said solenoid valve is a valve for adjusting the brake-fluid pressure within each wheel of a vehicle, and 

that said control means are applied to brake control means for outputting to said solenoid valve a signal for 

bringing the brake-fluid pressure to a desired pressure based on a signal out of cruising-condition detection 



that 
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means for detecting a cruising condition of the vehicle, the signal for adjusting the brake-fluid pressure being 
output to the solenoid valve by said pulse width modulation control. 

20. The brake controller as specified in claim 19, characterized in that it further includes target fluid-pressure calcula- 
5 tion means for calculating a target fluid pressure of said brake-fluid pressure and a target fluid-pressure gradient 

which is a rate of change of a target fluid pressure per unit of time based on the cruising condition detected by said 
cruising-condition detection means, 

that said solenoid valves are arranged with a main passage which can supply to a wheel cylinder the brake- 
10 fluid pressure produced by a control fluid-pressure source independent of a brake operation fluid-pressure 

source for producing the brake-fluid pressure in accordance with driver's brake operation and driver's brake 
operation itself, and a return passage for returning brake fluid supplied to said wheel cylinder to said brake 
operation fluid-pressure source through a reservoir, and 

that when said control means increase the wheel-cylinder pressure from the preserved state, said output-value 
is correction part carries out rise correction wherein a gain is multiplied to temporally enhance the output duty 

ratio with respect to a value corresponding to the target fluid-pressure gradient in the initial stage of pressure 
increase. 

21. The brake controller as specified in claim 20, characterized in that upon implementation of rise correction, said out- 
20 put-value correction part gradually enhances a gain by which the output duty ratio is multiplied at the initial stage in 

accordance with a lapse of time, and then gradually lowers it. 

22. The brake controller as specified in claim 21 , characterized in that after implementation of rise correction, said out- 
put-value correction part carries out correction for temporally reducing the output duty ratio with respect to the tar- 

25 get fluid-pressure gradient 
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